To demonstrate the association between magnetic resonance imaging (MRI) estimated lesion volume (LV), prostate cancer detection and tumour clinical significance, evaluating this variable alone and matched with Prostate Imaging Reporting and Data System version 2 (PI-RADS v2) score.
Patients and methods
We retrospectively analysed 157 consecutive patients, with at least one prior negative systematic prostatic biopsy, who underwent transperineal prostate MRI/ultrasonography fusion-targeted biopsy between January 2014 and February 2016. Suspicious lesions were delineated using a 'region of interest' and the system calculated prostate volume and LV. Patients were divided in groups considering LV (≤0.5, 0.5-1, ≥1 mL) and PI-RADS score (1) (2) (3) (4) (5) . We considered clinically significant prostate cancer as all cancers with a Gleason score of ≥3 + 4 as suggested by PI-RADS v2. A direct comparison between MRI estimated LV (MRI LV) and histological tumour volume (HTV) was done in 23 patients who underwent radical prostatectomy during the study period. Differences between MRI LV and HTV were assessed using the paired sample t-test. MRI LV and HTV concordance was verified using a Bland-Altman plot. The chi-squared test and logistic and ordinal regression models were used to evaluate difference in frequencies.
Results
The MRI LV and PI-RADS score were associated both with prostate cancer detection (both P < 0.001) and with significant prostate cancer detection (P < 0.001 and P = 0.008, respectively). When the two variables were matched, increasing LV increased the risk within each PI-RADS group. Prostate cancer detection was 1.4-times higher for LVs of 0.5-1 mL and 1.8-times higher for LVs of ≥1 mL; significant prostate cancer detection was 2.6-times for LVs of 0.5-1 mL and 4-times for LVs of ≥1 mL. There was a positive correlation between MRI LV and HTV (r = 0.9876, P < 0.001). Finally, Bland-Altman analysis showed that MRI LV was underestimated by 4.2% compared to HTV. Study limitations include its monocentric and retrospective design and the limited cohort.
Introduction
Currently, mpMRI represents the most sensitive imaging method for prostate cancer detection [1] [2] [3] , capable of giving a precise localisation of suspicious areas within the prostate and guiding clinical decision-making for suspected prostate cancer [4] .
The European Society of Urogenital Radiology drafted guidelines, including a scoring system, to characterise prostate mpMRI suspicious lesions known as PI-RADS TM , recently updated to PI-RADS TM version 2 (v2), to help clinicians in the interpretation and reporting of these findings [5, 6] . Published data seems to validate this scoring system, with the advantage of increasing the detection of aggressive tumours (Gleason score ≥7) and reducing the detection of indolent prostate cancers (Gleason score ≤6 and volume <0.5 mL) compared with random ultrasonography (US)-guided biopsies [7] .
PI-RADS v2 introduced a tumour size criterion compared to the first version. Based on this parameter, a lesion with a PI-RADS score of 4 is upgraded to the higher score when its diameter is >15 mm [8] . However, prostate cancer is a solid tumour and has a defined three dimensional shape, so its characteristics are better represented by a volume than a scanned surface.
There is a lack of studies evaluating the role of mpMRI prebiopsy lesion volume (LV) and its relation to cancer diagnosis and its characteristics.
The aim of the present study was to investigate the association between suspicious lesion (SL) volume, prostate cancer detection and tumour clinical significance by evaluating this variable alone and in combination with PI-RADS v2 score.
Patients and methods
Between January 2014 and February 2016, using prostatic mpMRI, we retrospectively evaluated, in the Urology Department of University of Modena and Reggio Emilia (Italy), a cohort of patients with persistent high clinical suspicion of prostate cancer [i.e. persistent elevation of PSA level, suspicious DRE, previous diagnosis of atypical small acinar proliferation (ASAP) or multifocal high-grade prostatic intraepithelial neoplasia (HGPIN), and a combination thereof].
All patients had undergone at least one previous prostate mapping. Specifically, 87 patients (55.4%) had undergone one previous prostate mapping, 41 (26,1%) had undergone two and 29 (18.5%) had undergone three previous prostate mappings. According to the diagnosis at the previous prostatic mapping: 34 patients (21.7%) had ASAP; 51 (32.5%) had HGPIN, and 72 (45.8%) had BPH/inflammation.
The study included 157 patients in which at least one SL or index lesion was detected. These patients were enrolled for transperineal MRI/US fusion-targeted biopsy (FTBx) using the BiopSee â system (MedCom GmbH, Darmstadt, Germany) [9] . All detected SLs were classified according to the PIRADSv2 score.
We performed the FTBx in all patients with at least one SL with a PI-RADS score of ≥2. All patients with only one SL and a PI-RADS score of 2 were informed of their low risk of a cancer diagnosis but they agreed to undertake the procedure. Patients with lesions with PI-RADS scores of 1 were enrolled only if at least one coexistent lesion was detected with a PI-RADS score of ≥2.
The median (SD, range) age was 65.02 (6.8, 47-79) years, the PSA level was 10.7 (11.29, 1.0-75.0) ng/mL, and prostate volume was 70. 4 (33.73, 21-196) mL. Written informed consent was obtained from all patients and a waiver of informed consent was issued to each patient. An anonymous excel file was created giving a progressive number to each patient.
To standardise the reporting of our data we followed the main statements of the Standards of reporting for MRItargeted biopsy studies (START) guidelines [10] . Table 1  (START table) summarises the patients' characteristics and a detailed study flowchart is shown in Fig. 1 .
Accordant with PI-RADS v2 criteria [6] , outcome measures were reported as follows: a) any prostate cancer, to evaluate the relationship between PI-RADS score, LV and prostate cancer detection rate; b) significant prostate cancer (Gleason score ≥3 + 4, or pathologically determined tumour volume >0.5 mL, or pathologically determined extra-prostatic extension) to evaluate the relationship between PI-RADS score, LV and significant prostate cancer detection.
After prostate cancer diagnosis, data regarding final pathological specimens of patients who underwent robotassisted laparoscopic radical prostatectomy (RALP) during the study period were collected. Histological tumour volume (HTV) and MRI LV were compared to verify a correlation between the two measurements.
Finally, early complications such as acute urinary retention and perineal haematoma were recorded before hospital discharge. Moreover, all patients were followed-up at 20 days after FTBx to collect data on procedure-related late complications, e.g. fever, haematuria, acute urinary retention, perineal haematoma, haemospermia.
Prostatic mpMRI parameters
All mpMRI in this study were performed using a 1.5-Tesla Achieva MRI machine (Philips Healthcare, Best, The Netherlands) with an endorectal (Endorectal MRI-probe, Medrad Performance for Life eCoil) and superficial SENSE cardiac phased-array coil with five channels (Cardiac Synergy Coil, Philiphs Medical Systems, Detroit, MI, USA).
The protocol for prostate MRI included: axial T1-weighted fast spin-echo (FSE) imaging; axial, sagittal and coronal T2-weighted (T2W) FSE imaging; axial diffusion-weighted imaging (DWI; b values of b 0, 350, 700, 1000 s/mm 2 ) with apparent diffusion coefficient (ADC) map reconstructions; and axial T1-weighted fat-suppression dynamic contrast-enhanced (DCE)-MRI. T2W image slice thickness and acquisition resolution were 3 mm and 0.5 9 0.5 mm, respectively. DCE temporal resolution was 15 s for 3 min (six phases) without breath-holding, following an i.v. single dose of 0.2 mL/kg at 2.5 mL/s of gadopentetate dimeglumine (Magnevist; Bayer Schering Pharma AG, Berlin, Germany). Only a qualitative analysis for DWI and DCE-MRI was carried out.
Two radiologists, with 4 years of experience in the field of prostate MRI (P.T. and M.S.), evaluated the mpMRI, searching for the presence of any suspicious area and reaching a consensus. The index lesion was defined as the largest SL on axial T2W imaging and/or DWI/ADC. The axial scan of the DWI/ADC slice containing the greatest suspect area of the index lesion was considered for location matching analysis, and denoted as the apex, middle, or base of the prostate for analyses of three equal trisections of the prostate. Specifically, the centre of the index lesion was defined as the point of intersection of the higher lesion height and width using the lowest ADC value. Finally, the location of the index tumour was recorded according to the 39 PI-RADS sectors.
LV calculation
A preliminary study on T2W images, on which the boundaries of the prostate and SL were traced, was done in all patients using the BiopSee system.
Considering that the dominant sequence for a SL in the peripheral zone is the DWI/ADC, the peripheral SL is firstly detected on axial DWI/ADC sequence and after on the corresponding axial T2W imaging. Secondly, axial DWI/ADC and T2W imaging sequences are imported on the BiopSee system. Then, the axial DWI/ADC sequences are overlapped on the corresponding T2W images to detect the SL on the BiopSee system. Finally, the radiologist manually traces the SL contours only on axial T2W sequences before the MRI/US fusion is done.
Specifically, the boundaries of the SLs are rigorously delineated on the axial plane, using a 'region of interest' (ROI) one scan after the other until the entire SL is marked. Each border is automatically and real-time reproduced also on the sagittal and coronal planes by the system obtaining a 'volume of interest' (VOI). The volumes of all contoured VOI are automatically calculated. The calculation uses a threedimensional (3D) derivation of Gauss's Theorem algorithm and gives the exact result of the volume enclosed by the triangulated surface of a VOI. The use of the Gauss's Theorem algorithm implies that the intersecting parts are counted for each involved VOI [11] [12] [13] . The calculated volumes, expressed in millilitres, are displayed in the text field in the upper left corner of the 3D-model view. Finally, a graphic 3D representation of the SL within the prostate is constructed (Fig. 2) A B C D 
Pathological analyses of RALP specimens and HTV measurement
After RALP, the surgical specimens were fixed in 10% buffered neutral formalin. The prostate surface was inked before the dissection. The prostate was sectioned in to three equal trisections: apex, middle, and base. Then, routine haematoxylin and eosin stained serial 3-lm thick sections were taken from each trisection. The index tumour was defined as the largest tumour focus taking into account Gleason score.
The HTV measurement was obtained for the index tumour as follow. The tumour length maximum diameter was defined as the largest tumour dimension on any cross-section. Tumour width was considered as the maximal width perpendicular to the tumour length maximum diameter. The tumour thickness was calculated as the number of slices containing index tumour multiplied by the average slice thickness of the respective specimen. All measures were performed without a correction factor as described by Baco et al. [14] . According to Perera et al. [15] , the HTV was calculated using the ellipsoid volume formula using the longest perpendicular diameters: depth 9 width 9 length 9 0.523. Figure 3 shows the comparison between the radiological SL in the axial plane and the appearance of the corresponding pathologically confirmed tumour.
The pathology slide with the greatest cross-section of the index tumour was used for location matching analysis. The centre of the index tumour was defined as the point of intersection of the lesion height and width dimensions, and the location of the index tumour was recorded according to the 39 PI-RADS sectors.
Biopsy technique
The BiopSee is a system designed to take FTBx. All FTBx were performed by a single experienced urologist (E.M.) under general anaesthesia to ensure patient immobility. Even when anaesthesia is not the standard practice, FTBx is a highly accurate procedure. Thus, all small patient movements (i.e. voluntary movements of the chest, cough, sneezing, speech, etc.) are inevitably reflected on the pelvis and can jeopardise the goodness of fusion, once it has been done, affecting the benefits of the procedure.
US of the prostate was performed in a cranio-caudal direction in order to acquire the entire axial 2D prostate volume. Biopsee then reworked these sequences to provide a 3D US reconstruction of the gland on which to perform US/MRI images fusion with T2W sequences previously imported and delineated (Fig. 4) . FTBx was performed on any SL followed by a further 24 random samples using the Ginsburg Study Group scheme [16] . The needle, inserted through the transperineal template, passes through the prostate along a longitudinal trajectory until the target area is reached. Samples were obtained with an 18 G 9 16 cm disposable biopsy needle, mounted on a reusable biopsy gun (Pro-Mag Ultra â , Angiotech, Stenløse, Denmark; Fig. 5 ). All samples were collected in blocks, named according to the sampling area, and sent separately for histopathological examination. After each biopsy, the exact 3D pickup location was recorded and stored by the software.
Statistical analysis
Data were analysed by statistical package STATA13 (StataCorp. 2011. Stata: Release 12 Statistical Software, College Station, TX, USA: StataCorp LP). Differences between MRI LV and HTV were assessed using the paired sample ttest. MRI LV and HTV concordance was verified using a Bland-Altman plot. The chi-squared test and logistic and ordinal regression models were used to evaluate differences in frequencies. Continuous variables are expressed as means [standard deviations (SDs)] and range. The selected level of statistical significance was P ≤ 0.05. 
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Results
The overall detection rate was 50.32% (79/157 patients): 52 patients (65.83%) had prostate cancer detected on FTBx only, 18 (22.78%) on systematic biopsy only (total number of positive random core in these patients was 38), and nine (11.39%) on both FTBx and systematic biopsy (P < 0.001). All the significant prostate cancers were detected by FTBx. Table 2 show the Gleason score distribution considering both targeted and random biopsies.
In all, 283 SLs were detected (range 1-4, median 1.83). The median (SD, range) LV was 0.67 (1.18, 0.02-12) mL. According to LV, the SLs were divided in three groups: 168 with a LV of ≤0.5 mL, 71 between 0.5 and 1 mL, and 44 ≥ 1 mL. Moreover, six SLs were classified as PI-RADS 1, 108 as PI-RADS 2, 75 as PI-RADS 3, 66 as PI-RADS 4, and 28 as PI-RADS 5.
Histologically, prostate cancer was confirmed in 74/283 (26.15%) SLs. Table 3 summarises the SL characteristics matching their PI-RADS score and LV and considering the histological result as positive or negative. Figure 6 shows the LV distribution according to the histological results.
The prostate cancer detection rate increased with increasing PI-RADS score, rising from 0% to 2.8% (three of 108), to 12% (nine of 75), to 57.6% (38/66) and to 85.7% (24/28) for PI-RADS score 1, 2, 3, 4 and 5, respectively (P < 0.001). Using a univariate logistic regression model and considering PI-RADS score 1 plus PI-RADS score 2 as the comparison group, we found that prostate cancer diagnosis was 5-times higher for PI-RADS 3, 50-times higher for PI-RADS 4, and 222-times higher for PI-RADS 5 lesions.
Prostate cancer diagnosis also increased with increasing LV from 17.3% (29/168) to 35.2% (25/71) to 45.5% (20/44) when the LV was ≤0.5, 0.5-1, and ≥1 mL, respectively (P < 0.001). Using a univariate logistic regression model and considering a LV of 0.5 mL as the comparison group, we found that prostate cancer risk was 2.6-times higher for LVs between 0.5 and 1 mL and 4-times higher for LVs of >1 mL. Finally, using an ordinal logistic regression model and considering a LV of <0.5 mL as the comparison group, we found that, within each PI-RADS score group, the probability of finding a prostate cancer was 1.4-times higher when the LV was between 0.5 and 1 mL and 1.8-times higher when the LV was ≥1 mL. Table 4 shows prostate cancer-confirmed lesions and reports the relationship between the LV and the biopsy Gleason score. Significant prostate cancer was detected in 25/74 (33.8%) compared to 49/74 (66.2%) SLs in which the Gleason score was ≤6 (P = 0.022). Considering LV, the significant Table 2 Gleason score distribution considering both targeted (horizontally) and random biopsies (vertically).
Gleason score
Random, n Total, n (Table 4) : four of 29 tumours (13.8%) with a LV of ≤0.5 mL, 10/25 (40%) with a LV of 0.5-1 mL, and 11/20 tumours (55%) with a LV of ≥1 mL (P = 0.008). Figure 7 shows the LV distribution according to Gleason score.
Considering the PI-RADS score, the significant prostate cancer detection rate was as follows (Table 5) : none with PI-RADS score 1, none of six with PI-RADS score 2, one of nine with PI-RADS score 3, 11/38 (28.9%) with PI-RADS score 4, 13/24 (54.2%) with PI-RADS score 5 (P = 0.03). Moreover, Table 6 shows the association between significant prostate cancer diagnosis and the two variables (i.e. PI-RADS score and LV) when matched. Using an ordinal logistic regression model and considering a LV of ≤0.5 mL as the comparison group, we found that, within each PI-RADS lesions group, the probability of detecting a higher Gleason score (≥7) is 3.5-times more when the LV was between 0.5 and 1 mL, and 4.3-times more when the LV was ≥1 mL. Moreover, Table 6 allows identification of significant prostate cancer detection rate based on each PI-RADS score and LV group. In fact, considering the SL group with a LV of ≤0.5 mL, the significant prostate cancer detection rate was 0% for SLs with PI-RADS scores of 1, 2 and 3; it increased to three of 32 (9.4%) for SLs with a PI-RADS score of 4 and was one in five for SLs with a PI-RADS score of 5 (P = 0.002). For the SL group with a LV between 0.5 and 1 mL, significant prostate cancer detection was 0% for SLs with PI-RADS scores of 1, 2 and 3; this increased to five of 26 (19.2%) for SLs with PI-RADS scores of 4 and five of 10 for SLs with PI-RADS scores of 5 (P < 0.001). Finally, for the SL group with a LV of ≥1 mL, significant prostate cancer detection was 0% for SLs with PI-RADS scores of 1 and 2, one of 14 for SLs with a PI-RADS score of 3, three of eight for PI-RADS scores of 4 and seven of 13 for SLs with a PI-RADS score of 5 (P = 0.008).
Similar to the relationship with PI-RADS score, the significant prostate cancer detection rate proportionally increased with the increasing LV when considering the same PI-RADS score, although statistical significance was not achieved with our data. For example, considering the PI-RADS score 4 group, the significant prostate cancer detection was three of 32 (9.4%) for a LV of ≤0.5 mL, increasing to five of 26 (19.2%) for a LV of 0.5-1 mL, and three of eight for a LV of ≥1 mL (P = 0.1).
There were no severe postoperative complications: 3.2% of patients reported moderate haematuria, 5.7% had acute urinary retention, 11.46% had perineal haematoma, and 86% had haemospermia. Neither fever nor urinary sepsis was reported (0%).
In all, 23/61 patients (37.7%) underwent RALP. The risk of having a locally extended (pT2c) or advanced (≥ pT3a) prostate cancer became statistically significant for MRI LVs of >0.5 mL (P = 0.025 and P = 0.045, respectively; Table 7 ).
Finally, a direct comparison between pathological and radiological findings was done. The mean (range) index MRI LV was 0.94 (0.12-3.8) mL and the index HTV was 1.13 (0.12-4.4) mL. Three index tumours (13%) incidentally detected by systematic biopsy were invisible on MRI and the mean volume for these tumours was <0.3 mL. The remaining 20 index tumours (87%) were visible on MRI. The correspondence between mpMRI findings and pathological locations of the tumour was 100%. There was a positive correlation between MRI LV and HTV (r = 0.9876, P < 0.001). Bland-Altman analysis revealed a clinically significant 
Tumour aggressiveness increased with increasing PI-RADS score. Discussion mpMRI is an evolution of standard MRI and it has been shown that its clinical application helps to manage suspected and confirmed prostate cancer [17] . mpMRI increases the clinical diagnostic yield of prostate cancer compared to US, with a proven correlation between PI-RADS score and tumour detection, while the correlation between PI-RADS score and tumour aggressiveness is still debatable [18, 19] . When used to perform FTBx, mpMRI has been shown to increase diagnostic yield for significant prostate cancer compared to simple TRUS-guided biopsy [20] [21] [22] .
PI-RADS v2
As the volume of a cancerous lesion is increasingly incorporated into significant prostate cancer definitions, a crucial issue is the correct estimation of TV by mpMRI [23] .
In fact, the evaluation of LV before biopsy should add important information for understanding the risk of the lesion itself, to identify the patients in which FTBx is required and to make the correct decision if prostate cancer is diagnosed at FTBx.
Several studies have evaluated the correspondence between mpMRI LV and HTV on radical prostatectomy specimens [14, 24] , finding a positive correlation with an underestimation of mpMRI LV ranging from 5.9% (without shrinkage factor) to 20% (using a shrinkage factor of 1.15). In our present study, we compared MRI LV and HTV measurement without using a correction factor and the results were comparable with those obtained by Baco et al. [14] . 
(4 + 4) >1
A LV of >0.5 mL is significantly associated both with local extended and with local advanced prostate cancer when compared with final specimens. As indicated by many authors [18] [19] [20] , our present study confirms that the cancer detection rate increases with increasing PI-RADS score, being statistically significantly higher for PI-RADS score ≥4 lesions. We found that the probability of a prostate cancer diagnosis increased from 5-to 50-times when switching from PI-RADS score 3 to 4 and became 222-times higher for PI-RADS 5 lesions. Similar to the PI-RADS score, the cancer detection rate independently increased with increasing LV, being statistically significantly higher for SLs of >1 mL. We found that the probability of a prostate cancer diagnosis was 2.6-times higher for a LV between 0.5 and 1 mL, which increased to 4-times higher for a LV of >1 mL. Moreover, when matching PI-RADS score and LV, we found that within each PI-RADS lesions group the probability of a diagnosis of prostate cancer increased proportionally with LV increase.
4,5
Another concern is the ability of mpMRI to predict significant prostate cancer, which is still debated by many authors [18, [25] [26] [27] . Our present study showed that a significant prostate cancer diagnosis significantly increased with PI-RADS score increase (Table 5 ) and with LV increase (Table 4) . This is a probably a reflection of tumour biology with aggressive tumours growing quickly and thus having a high probability of having a large LV at mpMRI.
PiVoGle Table 6 shows the relationship between PI-RADS score, LV, and Gleason score allowing correlation between significant prostate cancer detection and the two variables when matched. We found that as PI-RADS score increases the probability of detecting a higher Gleason score (≥7) proportionally increases with LV increase. From the data in Table 6 , we can state that lesions with a PI-RADS score ≤2 should not be sampled (prostate cancer detection rate was 2.8% with a indolent diagnosis in all cases) and that patients with lesions with a PI-RADS score of 3 and MRI LV of <0.5 mL should be informed of a low prostate cancer risk (prostate cancer detection 10.42% with an indolent diagnosis in all cases). Liddell et al. [19] based on Epstein criteria concluded that PI-RADS 3 lesions should not be sampled but monitored only because these lesions are associated with a low risk of significant prostate cancer.
The results of our present study are in agreement with those of Baco et al. [14] , who showed a positive correlation between MRI LV and HTV, confirming that mpMRI does not overestimate but rather underestimates the true HTV. Based on these principles we believe that MRI LV can be particularly useful in the PI-RADS score 3 SL group for discerning whether a biopsy should be taken, including MRI LV as one of the significant prostate cancer criteria, we found that 14.8% of patients with PI-RADS score 3 and LVs >0.5 mL had significant prostate cancer. So, in our opinion MRI LV can aid clinicians in the decision of whether a SL should undergo FTBx.
Finally, Wolters et al. [27] reported a positive relationship between a LV of >0.5 mL at radical prostatectomy, prostate cancer staging and Gleason score. Similarly, although our RALP series was small, we found that mpMRI LV was independently correlated with tumour local extension and a LV of >0.5 mL was significantly associated both with local extended and local advanced prostate cancer.
The limits of the present study include its retrospective design. Moreover, data are related to a single centre and to a limited cohort and therefore cannot be considered conclusive. These findings should be investigated in a multicentre study in a larger cohort of patients to validate and assess the definitive prostate cancer risk for each LV group. Finally, no shrinkage factor was used to normalise the underestimation of mpMRI LV. Nevertheless, clinical application of our tables should help urologists to determinate prostate cancer risk of each patient based on mpMRI SL characteristics.
Conclusion
Our experience with FTBx has shown substantial advantages for overall prostate cancer detection and an increase in significant prostate cancer detection. The present study shows that PI-RADS score and LV, independently and matched, are associated with prostate cancer detection and with tumour clinical significance.
